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Introduction

• MHD modes:
 kink, ballooning, tearing, Alfven waves
• Kinetic effects:
Trapped particle stabilization of kink and ballooning modes;
Energetic particle destabilization of Alfven waves;
FLR and drift effects etc.



Types of kinetic model

Fluid closure
Particle-based closure
PIC/continuum model



Particle closure for energetic particles and
thermal ions



CGL pressure and gyrokinetic equations



Highlights of Recent M3D Hybrid Simulations

• M3D results agree with NOVA2 code;

• Results of ITER simulations show importance of shaping on alpha particle
stabilization of internal kink;

• Simulations of beam-driven Alfven modes show frequency chirping down as
mode moving out radially;

• Simulations of fishbone instability show strong frequency chirping with large
flattening region of particle distribution.
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Alpha Particle Stabilization of Internal Kink Mode for
ITER:

Internal Kink Mode Structure
βα=0.0 βα=1.0%



Plasma shaping reduces alpha particle
stabilization significantly



Thermal ion kinetic effects
reduce MHD growth rate

by half (Kruskal-Oberman)
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. Beam-driven modes in NSTX



Nonlinear evolution
of fishbone instability



Distribution evolution



Gyrokinetic model for MHD ?


